The syntheses of rhodium(III) and iridium(III) half sandwich complexes containing tertiary arsine and C NMR spectroscopy, mass spectrometry and single crystal X-ray diffraction. DFT calculations show the formation of the complexes from (Cp*MCl 2 ) 2 and EPh 3 (E = P, As, Sb) to be highly exothermic, although the enthalpic driving force is decreasing in the expected sequence P > As > Sb.
Introduction
The dinuclear rhodium and iridium complexes [ [2] The crystal structures of these two compounds were recently determined within our research group. [3] In these triethylphosphine complexes the chloride ligands can be displaced by a range of other ligands such as selenide, telluride, azide and acetate, which makes them rather versatile synthons. [3] [4] In sharp contrast to phosphines, a search of the Cambridge Structural Database (CSD) for Cp*RhCl 2 and Cp*IrCl 2 fragments coordinated to arsine or stibine ligands resulted in zero hits.
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2 A few rhodium complexes with arsine and stibine ligands are known such as the Rh(I) chelate complex [(Ph 2 AsCH 2 AsPh 2 )Rh(CO)Cl] 2 (A), [5] trans-[(Ph 3 Sb) 2 Rh(CO)Cl] (B) [6] and a Rh (III) complex mer-[(Ph 3 Sb) 3 RhCl 3 ] (C) [7] ( Figure 1 [8] . Kemmitt precursors with a series of rather electron poor pnictine ligands (C 6 F 5 ) 3 E, (C 6 F 5 ) 2 PhE and (C 6 F 5 )Ph 2 E (E = P, As, Sb). [9] While all the phosphines formed expected complexes, of arsine ligands only (C 6 F 5 )Ph 2 As and Rh 2 (CO) 4 Cl 2 gave the expected complex [(C 6 F 5 )Ph 2 As] 2 Rh(CO)Cl (F), while no reaction was observed for all other arsine ligands. No reaction took place between any of the stibine ligands and rhodium precursor complexes. Kemmitt also used K 2 PtCl 4 and PtX 2 (X = Cl, Br, I) as reactants in this study. These gave similar results with no stibine complexes being formed, although (C 6 F 5 )Ph 2 As did form the expected Pt complexes. [9] The arsine and stibine complexes cis-[PtCl 2 (AsEt 3 )] and cis-[PtCl 2 (AsMe 2 Ph) 2 ] are also known although it is still evident that phosphine complexes of transition metals are far more prevalent than As and Sb complexes. [10] [11]
Figure 1: Examples of rhodium and iridium complexes with arsine and stibine ligands.
In this paper we report the synthesis of six novel mononuclear complexes, 1a-c and 2a-c, of the form [Cp*M(ER 3 )Cl 2 ] (M = Rh, Ir; E = As, Sb, R = Et, Ph). These complexes are potential synthons as the chloride ligands are likely to be easily displaced by a range of other ligands (as discussed for the related triethylphosphine complexes above). The complexes are easily prepared in excellent yields and good purity and are thermally stable (m.p. >190°C), in particular no signs of pnictine M A N U S C R I P T
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3 ligands elimination were observed at room or elevated temperatures. In addition, the complexes are fully air and moisture stable. 
Results & Discussion

Synthesis and NMR
Structural Analysis
Crystal structures of all new complexes were determined; these are shown in Figure 2 and in Table 1 .
Crystals for X-ray diffraction work were grown from either acetone, dichloromethane or 1,2- shown by the slight variation in the M-C bond lengths (see Table 1 and Figure 2 ). The M-E and M-C (M = Ir, Rh; E = As, Sb) bonds are all as expected. [14] The pnictogen ligands adopt tetrahedral geometry, again, with normal As-C and Sb-C bond lengths and angles.
Comparing the AsPh 3 and SbPh 3 complexes (1b vs. 1c and 2b vs. 2c) the difference in Rh-E and Ir-E (E = As, Sb) bond lengths is up to 6%; this is somehow smaller than expected from the differences in covalent radii (r cov As 1.19 Å; Sb 1.39 Å, 14% difference). [15] The M-Cl bonds in all compounds fall within the expected range of other half sandwich complexes. 
Computational Analysis
To complement the experimental findings, we performed density functional theory (DFT)
calculations at an appropriate level, BP86-D3. Computed metal-pnictogen distances, Wiberg bond indices (WBIs) [16] as well as enthalpies and free energies for the formation reaction according to Eq. 1 are collected in Table 2 .
½ [Cp*MCl 2 ] 2 + EPh 3 → Cp*M(EPh 3 )Cl 2 (M = Rh, Ir; E = P, As, Sb) Eq. 1 [18] All reactions according to Eq. 1 are computed to be highly exothermic, with the absolute enthalpic driving forces decreasing in the expected sequence P > As > Sb for either metal (see ∆H values in Table 2 ). Notably, the driving force for SbPh 3 coordination still accounts to 67% (Rh) and 66% (Ir) of that for PPh 3 .
[19] This sequence is not reflected in the M-E WBIs, which are not very sensitive toward the nature of pnictogen E, adopting values around ca. 0.7 and 0.8 for M = Rh and Ir, respectively.
Both computed WBIs and driving forces agree that the bonds involving iridium are slightly stronger than those involving rhodium (by ca. 12-22 kJ/mol in terms of ∆H). 
Conclusions
Experimental Section
General Considerations
Synthetic manipulations for compounds 1a and 2a were performed under an atmosphere of nitrogen using standard Schlenk-line techniques. Dry solvents were collected from an MBraun Solvent Purification System and stored over molecular sieves. Chemicals were purchased from Sigma Aldrich, Alfa Aesar, Precious Metals Online or were taken from the laboratory inventory and used [21] All NMR spectra were recorded using a Bruker Avance 500 or Bruker Avance III 500 spectrometer at 25 °C.
13
C NMR spectra were recorded using the DEPT-Q-135 pulse sequence with broadband proton decoupling. In 
DFT Calculations
Geometries were fully optimized at the BP86-D3/6-31G* level; [22] [23] Rh, Ir and Sb were described with relativistically adjusted effective core potentials from the Stuttgart-Dresden groups (denoted SDD) with the associated valence basis sets [24] (the Sb basis was augmented with a set of d- ) ν = 2930s (ν C-H ), 1452s, 1376s, 1031vs, 733s. Raman: 
X-ray Diffraction and Computational Details
The crystallographic and computational details relating to this work can be found in the supporting information available as a free download. CCDC 1410325-1410330 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www. ccdc.cam.ac.uk/data_request/cif.
Notes
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Supporting Information for
Preparation of AsCl 3 and Et 3 As
The procedures for AsCl 3 and Et 3 As have been adapted slightly from literature sources and additional observations made. All experiments should be performed with the cited original reports in hand.
Instrumentation and general experimental conditions are provided in the main manuscript.
Arsenic(III) Chloride [1]
In a 500 mL three-necked round bottom flask (equipped with water condenser, dropping funnel and young's adapters) arsenic(III) oxide (100.0 g, 0.51 mol) was added. [2] A 500 mL three-necked round bottom flask was equipped with a pressure equalizing dropping funnel and a reflux condenser connected to a schlenk line. Magnesium turnings (8.1 g, 333 mmol) and diethyl ether (100 mL) was added to the flask and a solution of iodoethane (53.0 g, 27.3 mL, 340 mmol) in diethyl ether (30 mL) was added to the dropping funnel. A few millilitres of the C 2 H 5 I/Et 2 O solution was added to the magnesium to begin the reaction. The remaining C 2 H 5 I/Et 2 O solution was added drop wise over one hour. After addition was complete the solution was left to stir for 1.5 hours then brought to reflux for 1 hour. After cooling to room temperature, and then again to -20 °C, a solution of arsenic trichloride (18.1 g, 8. 4 mL, 38 mmol) in diethyl ether (50 mL) was added drop wise (via the dropping funnel) over one hour. During addition, an orange precipitate formed that was easily broken up with vigorous stirring.
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After addition was complete the solution was brought to room temperature to stir for 1 hour and brought to reflux for 20 minutes. After cooling again to -20 °C, 1M hydrochloric acid (85 mL) was added cautiously to the reaction mixture. The yellow ether layer was separated and dried over sodium carbonate and filtered. As the ether layer was added to the sodium carbonate it turned colourless. The 
X-ray Diffraction Details
CCDC 1410325-1410330 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif, or by emailing data_request@ccdc.cam.ac.uk, or by contacting The Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge CB2 1EZ, UK; fax: +44 1223 336033. Table S1 lists details of data collections and refinements.
The crystallographic data for 1a, 1b and 2a were collected using a Rigaku SCX mini (Mo-Kα, graphite monochromator) at -100 °C and for 1c, 2b and 2c using a Rigaku XtaLAB (Mo-Kα, confocal optic) equipped with a Dectris P200 at -180 °C diffractometer. (Mo-Kα = λ = 0.71073 Å). Intensity data were collected using ω steps accumulating area detector frames spanning at least a hemisphere of reciprocal space. All data were corrected for Lorentz polarisation and long-term intensity fluctuations. Absorption effects were corrected on the basis of multiple equivalent reflections. Hydrogen atoms on carbon atoms were refined using the riding model. The data for all compounds were collected and processed using
CrystalClear (Rigaku). [3] The crystal structures were solved using direct methods and refined by fullmatrix least-squares against F 2 (SHELXL) or heavy-atom Patterson methods and expanded using Fourier M A N U S C R I P T
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techniques.
[4] All calculations were performed using the CrystalStructure crystallographic software package except for refinement which was performed using SHELXL-97/2013. [5] Table S2 lists the details of data collections and refinements. Searches of the Cambridge Structure Database were performed using either ConQuest [6] or the WebCSD. [7] Images of crystal structures were obtained using ORTEP-3 [8] with all other manipulations carried out using Mercury 3.5. [9] 
Computational Details
Geometries were fully optimized at the RI-BP86-D3(BJ) level [10] of density functional theory (DFT) including Grimme's three-body dispersion correction [11] with Becke-Johnson damping and auxiliary [12] basis sets for density fitting created automatically in Gaussian (keyword auto). Rhodium, antimony and iridium were described with relativistically adjusted effective core potentials from the Stuttgart-Dresden groups (denoted SDD) with the associated valence basis sets [13] (the Sb basis was augmented with a set of d-polarization functions, exponent 0.211), As was described with the 962(d) all-electron BinningCurtiss basis, [14] and 6-31G* was used elsewhere. A fine integration grid was used throughout (75 radial shells with 302 angular points per shell). This level is usually a good compromise between accuracy and computational cost for the structures of second-row transition metal complexes. [15] Where available, solid state structures were used as starting points for the optimisations. The nature of the minima was verified by computations of the harmonic frequencies at the same level of theory, which were also used to compute thermodynamic corrections to obtain enthalpies and free energies (at standard pressure and temperature). From test calculations for compound 1a at the PBE0-D3 level [16] using RI-BP86 and PBE0
optimised structures (see Figure S2 and Table S2 ) it appeared that binding energies are not very sensitive M A N U S C R I P T
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to the level of geometry optimisation or energy calculation. Therefore the more economical RI-BP86-D3(BJ) level was employed for all remaining calculations (denoted BP86-D3 for short). WBIs were obtained from natural bond orbital (NBO) analyses at that level. [17] No corrections were made for basisset superposition error or anharmonicities of vibrational frequencies in the statistical thermodynamic expressions, because these corrections are expected to affect the absolute computed quantities only slightly, and the qualitative trends and general conclusions not at all. All computations were performed using the Gaussian09 suite of programs. [18] Figure S2: Selected optimised and experimental metal-ligand distances in [Cp*RhCl 2 ] 2 (left) and Cp*Rh(AsEt 3 )Cl 2 (1a, right).
[19] 
